In the quasilinear Regge trajectory ansatz, some useful linear mass inequalities, quadratic mass inequalities and quadratic mass equalities are derived for mesons and baryons. Based on these relations, mass ranges of some mesons and baryons are given. The masses ofbc and ss belonging to the pseudoscalar, vector and tensor meson multiplets are also extracted. The J P of the baryon Ξ + cc (3520) is assigned to be 
I. INTRODUCTION
The study of hadronic physics has been a subject of intense interest. There are many hadronic states reported in recent years: B * 2 [1], B * s2 [2] , Ξ + cc (3520) [3] , Λ + c (2880) [4, 5, 6] , Λ + c (2940) [5, 6] , Ξ 0,+ c (2980, 3077) [7, 8] , Ξ + c (3055, 3123) [9] , Σ ( * )± b [10] and Ξ − b [11] . More and more states will be discovered in the near future. However, the properties of some states such as Ξ + cc (3520) are still not very clear. Ξ + cc (3520) was reported as the doubly charmed baryon state by SELEX in two different decay modes [3] , but the J P number has not been determined. Moreover, it has not been confirmed by other experiments (notably by BABAR [12] , BELLE [13] and FOCUS [14] ). According to the Particle Data Group's "Review of Particle Physics" in 2006 [15] , many hadrons, especially heavy hadrons, are still absent from the summary tables. Obviously, there is still a lot of work to be done both theoretically and experimentally.
The eightfold way and the standard SU(3) Gell-Mann-Okubo (GMO) formula [16] have played an important role in the historical progress in particle physics. However, the direct generalization of the GMO formula to the charmed and bottom hadrons cannot agree well with experimental data due to higher-order breaking effects. Consequently, there are many works focused on the mass relations, including inequalities [17, 18, 19, 20] and equalities [21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36] .
Quantum chromodynamics (QCD) has been verified as an appropriate theory to describe strong interaction at short distances. However, the application of QCD to the processes of hadronic interactions at large distances is still limited by the unsolved confinement problem. Nowadays calculations of hadronic properties, which are related to the nonperturbative effects, are frequently carried out with the help of phenomenological models. Regge phenomenology (which was derived from the analysis of the properties of the scattering amplitude in the complex angular momentum plane [37] )
is one of the simplest ones among these phenomenological models. Regge theory is concerned with almost all aspects of strong interactions, including the particle spectra, the forces between particles, and the high energy behavior of scattering amplitudes [38] . The quasilinear Regge trajectory ansatz, which is one of the most effective and popular approaches for studying hadron spectra, can (at least at present) give a reasonable description for the hadron spectroscopy [21, 22, 23, 39, 40] , although some suggestions that the realistic Regge trajectories could be nonlinear exist [41] .
As pointed out in Refs. [21, 42] , Regge intercepts and slopes are useful for many spectral and nonspectral purposes, for example, in the recombination [43] and fragmentation [44] models. There-fore, as pointed out in Ref. [45] , the slopes and intercepts of the Regge trajectories are fundamental constants of hadron dynamics, perhaps in general more important than the masses of particular states. Thus, the determination of Regge slopes and intercepts of hadrons is of great importance since this provides opportunities for a better understanding of the dynamics of strong interactions [42] .
In the quasilinear Regge trajectory ansatz, the numerical values of the parameters of the Regge trajectories were extracted for mesons of different flavors [21, 22, 39, 40, 46] . Under the approximation that mesons or baryons in the light quark sector have the common Regge slopes, Burakovsky et al. derived two 6th power and one 14th power meson mass relations in Ref. [22] , and derived some new quadratic Gell-Mann-Okubo-type baryon mass equalities in Ref. [23] . Using those new quadratic baryon mass relations they predicted the masses of + multiplets refer to the ground multiplets in which the total orbital angular momenta L=0.) However, the numerical values for the parameters of the charmed baryon Regge trajectories were not given in Ref. [23] .
In the present work, under the assumption that the quasilinear Regge trajectory ansatz is suitable to describe meson spectra and baryon spectra with the requirements of the additivity of intercepts and inverse slopes, the relations between slope ratios and masses of hadrons with different flavors and the mass relations among hadrons will be studied. We will show that the linear mass GMO formula is virtually an inequality and the quadratic mass GMO formula is also an inequality with the sign opposite to the linear case. We will get a high-power mass equation which is very useful to predict the masses ofbc states and the masses of pure ss states. We will also get some useful quadratic mass equations for baryons. The J P assignment of Ξ The remainder of this paper is organized as follows. In Sec. II we briefly introduce the quasilinear Regge trajectory ansatz. Then, we extract the mass inequalities and mass equalities for mesons and baryons. In Sec. III we present some applications of the relations derived in Sec. II and discuss the 
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II. FRAMEWORK
It is known from Regge theory that all mesons and baryons are associated with Regge poles which move in the complex angular momentum plane as a function of energy. The trajectory of a particular pole (Regge trajectory) is characterized by a set of internal quantum numbers (baryon number B, intrinsic parity P , strangeness S, charmness C, bottomness B, etc.) and by the evenness or oddness of the total spin J for mesons (J − 1 2 for baryons) [47] . The plots of Regge trajectories of hadrons in the (J, M 2 ) plane are usually called Chew-Frautschi plots (where J and M are respectively the total spins and the masses of the hadrons). In Fig. 1 , we draw the Chew-Frautschi plots for some meson and baryon Regge trajectories.
Assuming the existence of the quasilinear Regge trajectories for both light and heavy hadrons, one can have
where a(0) and α ′ are respectively the intercept and slope of the trajectory on which the particles lie. Hadrons lying on the same Regge trajectory which have the same internal quantum numbers are classified into the same family. The difference between the total spins of these hadrons is 2n
(n=1,2,3,· · · ), e.g., mesons with the quantum numbers
· · · (where N , L and S denote the radial excited quantum number, the orbital quantum number and the intrinsic spin, respectively) lying on the same Regge trajectory. These features can be seen from the well-known Chew-Frautschi plots (Fig. 1) .
For a meson multiplet with spin-parity J P (more exactly speaking, with quantum numbers N 2S+1 L J ), the parameters for different quark constituents can be related by the following relations:
the additivity of intercepts [21, 22, 42, 46, 48, 49, 50, 51, 52] ,
the additivity of inverse slopes [21, 22, 42, 46] ,
where i and j represent quark flavors. Equations (2) and (3) were derived in a model based on the topological expansion and the qq-string picture of hadrons [46] . This model provides a microscopic approach to describe Regge phenomenology in terms of quark degrees of freedom [53] . In fact, Eq.
(2) was first derived for light quarks in the dual-resonance model [48] , and was found to be satisfied in two-dimensional QCD [49] , the dual-analytic model [50] , and the quark bremsstrahlung model [51] . Also, it saturates the inequality for Regge intercepts [52] which follows from the Schwarz inequality and the unitarity relation. The above two relations are usually generalized to the baryon case [23, 42, 51] , in which one has
where q represents a quark.
There are also relations about the factorization of slopes for mesons [54, 55] and baryons [55] :
which follow from the factorization of residues of the t-channel poles. The paper by Burakovsky and Goldman [42] showed that only the additivity of inverse Regge slopes is consistent with the formal chiral and heavy quark limits for both mesons and baryons, and that the factorization of Regge slopes, although consistent with the formal chiral limit, fails in the heavy quark limit. Besides, in
Sec. III B, we will show that the high-power equation (63) derived from the relations (1), (2) and (6) is not as good as the high-power equation (16) derived from the relations (1), (2) and (3) compared with the well-established meson multiplets. Therefore, we will use the relations (3) and (5) (the additivity of inverse slopes) rather than the relations (6) and (7) (the factorization of slopes) in this study. There are also studies about the relations between the ground state and its radial excited states [39, 56, 57] and there are suggestions that the radial excited states lie on daughter trajectories of the ground state [38] . However, we do not discuss these relations in the present work.
A. Relations between slope ratios and hadron masses
For mesons, using Eqs.
(1) and (2), one obtains
where the meson states iī, jj and ij belong to the same N 2S+1 L J multiplet. This relation can be reduced to the quadratic Gell-Mann-Okubo-type formula by assuming that all the slopes are independent of flavors (α
). Combining the relations (3) and (8) , one can get two pairs of solutions. The first pair of solutions are (10) . given by Eq. (10) are too small to be accepted. Therefore, we take the first pair of solutions (Eq. (9)) and discard the second pair of solutions (Eq. (10)).
For baryons, using Eqs.
(1) and (4), one obtains
where q denotes an arbitrary light or heavy quark. Combining the relations (5) and (12) , one can get two pairs of solutions,
and
From the Chew-Frautschi plots (Fig. 1) , it is obvious that the Regge slope α ′ should be a single positive real number. Thus,
should take only one value for a multiplet with certain i, j and q.
Since the relations (5) and (12) are symmetric under the exchange of the quark flavors i and j, we only consider the case in which quark masses satisfy m i < m j for baryons here and after. Furthermore, Eqs. (13) and (14) can be considered as the generalization of Eqs. (9) and (10) respectively from the meson case to the baryon case. Therefore, we take Eq. (13) and discard Eq.
.
B. High-power mass equalities
From Eqs. (9) and (13), high-power mass equalities can be derived for mesons and baryons, respectively. For mesons, using α
and Eq. (9), when m i < m j < m k , we have
where q denotes an arbitrary light or heavy quark.
Relations (16) and (18) are the high-power mass equalities among one J P multiplet. They can be used to predict the masses of unobserved states. In Sec. III, we will apply Eq. (16) to predict the masses ofbc meson states and the masses of the pure ss meson states.
C. Linear mass inequalities and quadratic mass inequalities
From Eqs. (9) and (13), two kinds of interesting inequalities can be derived for mesons and baryons, respectively. For mesons, as mentioned in the above discussion, α ′ jj and α ′ iī ought to be positive real numbers. Thus
should also be a real number. Then from Eq. (9), we have
jj ≤ 0 can be easily ruled out by the data of the well-established meson multiplets. Therefore, 4M
Thus, Eq. (19) can be written as the following:
This relation can be simplified to
As mentioned before, the Regge slope α ′ is a positive real number. Therefore, From the above analysis, we can conclude that if and only if i = j, 2M ij = M iī + M jj . Therefore, when i = j, we have
Many authors argued recently that the slopes of Regge trajectories decrease with quark mass increase [21, 22, 40, 41, 45, 46, 55, 59, 60] . Therefore,
Then, from Eq. (9) one can have
From this relation, we obtain
These two inequalities can be simplified to
The relation (29) can also be derived in the same way if we use the second equation in Eq. (9) considering
The baryon mass inequalities can be extracted in the same way as that in the meson case. Then, we have
It is very interesting that the inequalities (26), (29), (30) and (31) are the concave and convex relations. These mass inequalities can be used to give constrains (lower limits and upper limits) for masses of hadrons which have not been discovered. For example, we have from the inequalities (26) and (29) that
in which one inequality gives an upper limit while the other gives a lower limit for M ij . For baryons,
we have from the inequalities (30) and (31) that
We will use Eqs. (32) and (33) to give mass ranges for mesons and baryons in Sec. III.
D. Quadratic mass equalities
To evaluate the deviations of relations (29) and (31) from the equalities that would be obtained by changing the signs of inequalities to equal signs, we introduce a parameter δ, which is denoted
and by δ
where i, j and q are arbitrary light or heavy quarks. From relations (29) and (31), we know δ m(b) > 0. It will be shown later that δ b ij is independent of q.
For mesons, from Eqs. (2) and (3), we have
Let
where n denotes light nonstrange quark u or d. Using Eqs. (36), (37) and (38) we have
Hence,
With the help of Eqs. (41) and (42), we have from Eqs. (2) and (3) 
1 α
Similarly for baryons, from Eqs. (4) and (5), we have
where
It should be pointed out that the values of λ x and γ x can be different for different multiplets.
For nn and ij states in a meson multiplet, from Eq. (1), we have
With the help of Eqs. (43), (44) and (47), we have from Eq. (48) Therefore, from Eqs. (34) and (49), we have
For baryons, in the same way, we have
It can be seen from Eq. (51) that δ b ij is independent of q. From Eq. (38), we know that λ n =γ n =0. Since we choose m i < m j , α
Hence from the definition of γ i (Eq. (38)), we have γ i < γ j . Therefore, 0 = γ n < γ s < γ c < γ b . From Eqs. (9) and (26), we know that
With the help of Eqs. (1) and (41), we have λ i < λ j . Therefore, 0 = λ n < λ s < λ c < λ b . Consequently, we have 0 < δ Table 2 . From Table 2 , we can see that the relation δ (51) is independent of q, we have some equalities which are given in the following.
1) When
From Eqs. (52a)-(52c), one can get the quadratic mass Eqs. (25)- (29) [26] , by Verma and Khanna considering the second-order effects arising from the 84 representation of SU(4) [27] and in the framework of SU(8) symmetry [28] , and by Singh et al. studying SU(4) second-order mass-breaking effects with a dynamical consideration [29] (bottom baryons were not included in Refs. [23, 26, 27, 28, 29] ). The linear forms of Eqs. (52a)-(52f) were derived by Singh and Khanna in the nonrelativistic additive quark model [30] and by Singh using broken SU(6) internal symmetry including second-order mass contributions [31] . We will show some arguments in Sec. IV which support the quadratic form mass formulas for mesons and baryons rather than the linear form. 
For the doubly heavy baryons which are composed of a light quark and a heavy axial-vector diquark,
bc can be expressed as
Since δ b′ is determined by the dynamics of the light diquark system 'qq ′ ' inside a heavy baryon 'Qqq ′ ' and since this dynamics is independent of flavor and spin of the heavy quark due to the SU(2) f SU(2) s symmetry in the heavy quark limit [65] , we assume that δ 
There are two linear mass equations similar to the above quadratic mass equations,
which were extracted by Jenkins in the 1/m Q and 1/N c expansions [33] . Similarly, assuming that
From Eq. (52), we can have a relation for the
Its corresponding relation for the
The linear form of Eq. (61) can satisfy the instanton model [25] and has been given by Verma and Khanna considering the second-order effects arising from the 84 representation of SU(4) [27] . A different relation,
has been proposed in Ref. [23] . However, the linear form of Eq. (62) cannot satisfy the instanton model [25] . Furthermore, the value of (M 
III. SOME APPLICATIONS
In this section, we will apply the relations we have obtained in Sec. II to discuss the mass ranges of mesons and baryons, the masses of thebc and ss meson states, the properties of Ξ Table 3-1 and Table 3 -2 in comparison with the measured meson masses [15] . The results for baryons are shown in Table 4 in comparison with the measured baryon masses [15] .
The masses of the pure ss states cannot be directly measured experimentally because of the usual mixing of the pure isoscalar nn and ss states. The way to extract masses of the pure ss states will be displayed in the next section. In calculating the mass limits about the cs andbs states in Table 3 -2, we approximately use the values of 2M
and M ss(1 3 P 2 ) , respectively. f ′ 2 (1525) was proved to be a nearly pure tensor ss state (∼ 98.2 %) [66] . These approximations shift the mass limits of the cs andbs states only a few MeV.
It can be seen from Tables 3-1, 3-2 and 4 that the inequalities (32) and (33) (which were given from the inequalities (26), (29), (30) and (31)) agree well with the existing experimental data [15] .
The inequalities (32) and (33) also give predictions for the mass ranges of some hadrons which have not been observed. More detailed discussions about the inequalities derived in this work and those in Refs. [17, 18, 19, 20] will be given in Sec. IV. [21, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80] .
In the following, we will use Eq. (16) to calculate the masses of B c , B * c and B * c2 meson states and compare the results with those given in Refs. [21, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80] .
For the 1 1 S 0 multiplet, when i = n, j = c, and k = b, inserting the masses of π, η c (1S), η b (1S), 
6.140 < 6.286(exp.) < 6.906
)/2 1.834 < 1.968(exp.) < 2.163
)/2 2.058 < 2.112(exp.) < 2.305
)/2 2.541 < 2.574(exp.) < 2.736
)/2 4.994 < 5.368(exp.) < 6.594
)/2 5.240 < 5.413(exp.) < 6.728
)/2 5.719 < 5.840(exp. (31) in comparison with the experimental data (in units of GeV).
Lower and upper limits
)/2 7.965 < M Ξ bb < 10.403
+ inequalities Lower and upper limits
in the derivation of Eq. (16), we would have the following equation instead of Eq. (16),
Applying this equation to the 1 1 S 0 , 1 3 S 1 and 1 3 P 2 multiplets we would extract the masses of B c , B * c and B * c2 which are also shown in Table 5 . In Ref. [22] , under the approximation that mesons in the light quark sector have the common Regge slopes, a 14th power meson mass relation, (64) with the existing experimental data [15] for the 1 1 S 0 , 1 3 S 1 and 1 3 P 2 multiplets to extract the masses of B c , B * c and B * c2 are also shown in Table 5 .
Masses of the pure ss states
The masses of the pure ss states cannot be directly measured experimentally because of the usual mixing of the pure isoscalar nn and ss states. However, the comparison of the mass of the pure ss state with that of the physical state can help us to understand the mixing of the two isoscalar states of a meson nonet.
The masses of the pure ss states can be calculated from Eq. (16) . When i = n, j = s, k = b or c, inserting the corresponding masses into Eq. (16), the masses of ss for the 1 1 S 0 , 1 3 S 1 and 1 3 P 2 multiplets are extracted and shown in Table 6 . In Ref. [22] , under the approximation that mesons in the light quark sector have the common Regge slopes, two 6th power meson mass relations were derived to predict the masses of cc and bb meson states, respectively. Those two 6th power meson mass relations can be written as follows,
where Q denotes c or b. The results of applying Eq. (65) for the 1 1 S 0 , 1 3 S 1 and 1 3 P 2 multiplets to extract the masses of the ss states are also shown in Table 6 .
From [21, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80] . From Table   6 , one can see that the masses of the pure ss state in the same multiplet given by Eq. (16) are approximately the same when we choose k = c and k = b and they all satisfy the mass ranges shown in Table 3 -1 which are given by the linear mass inequality (26) and quadratic mass inequality (29) .
However, the masses of the pure ss states given by Eq. (65) do not satisfy these constrains.
As mentioned above, Eq. (65) was derived under the approximation that mesons in the light quark sector have the common Regge slopes and was applied for predicting the masses of charmonium and bottomonium [22] . Obviously, Eq. (65) may be limited by this approximation while predicting the masses of light hadrons. Equation (64) was extracted under the same arguments on which Eq. (65) is based [22] . When i = n, j = s, and k = Q, Eq. (16) These reports were adopted by the Particle Data Group [15] with the average mass 3518.9±0.9
MeV . However, the J P number has not been determined experimentally. Moreover, it has not been confirmed by other experiments (notably by BABAR [12] , BELLE [13] and FOCUS [14] ), even though they have O (10) + multiplet. When j = c, i = n, and q = n, from Eq. (13), we have
When j = c, i = s, and q = n, from Eq. (13), we have
From Eq. (46), we have 1 α Table 7 . + SU(4) baryon masses and the value of α ∆ , we will calculate all the parameters (Regge slopes and intercepts) for the 3 2 + baryon trajectories. After that, we will estimate the masses of the orbital excited baryons lying on these Regge trajectories.
D. Parameters of Regge trajectories for the
All the masses of The first-order GMO formula for the baryon octet,
is usually generalized to charmed cases by replacing s-quark with c-quark,
The quadratic form of Eq. (71) is
However, the existence of high-order breaking effects in Eqs. (71) and (72) is obvious [23] . We use (18) and (52a), we have From Eq. (1), one has
Then, using this equation, the masses of the orbital excited baryons (J P = The masses of Ξ * cc , Ω * cc and Ω ccc extracted in the present work and those given in other references are also shown in Table 7 . From Table 7 , we can see that the masses of Up to now, all the masses of ground 
From Eq. (11), we also have We assume that α
, and
Although the slopes of a heavy baryon containing a scalar diquark and that containing an axial-vector diquark are different, we assume that γ s for the heavy baryons containing scalar diquarks is approximately the same as γ s for heavy baryons containing axial-vector diquarks, i.e.,
. Then, all the Regge slopes of 1 2 + SU(4) baryons are known and shown in Table 10 . With the masses and the obtained Regge slopes for the Recently, Ξ c (2980) and Ξ c (3077) were first reported by BELLE [7] and then confirmed by BABAR [8] . BABAR also reported the observation of Ξ + c (3055) and Ξ + c (3123) [9] . The J P of Ξ c (2980), Ξ c (3055), Ξ c (3077) and Ξ c (3123) have not been measured. The masses of these states imply that they could be the states with the total quark orbital angular momentum L = 2. Here we attempt to study which Regge trajectory these states may lie on.
From Table 11 shown in Table 12 .
From the relation (80), Table 10, Table 11-2 and Table 12 + containing an axial-vector diquark. Further study is needed to determine the J P of these states more accurately.
IV. DISCUSSION AND CONCLUSION
In this work, under the main assumption that the quasilinear Regge trajectory ansatz is suitable to describe meson spectra and baryon spectra, with the requirements of the additivity of intercepts and inverse slopes, some useful linear mass inequalities, quadratic mass inequalities and quadratic mass equalities are derived for mesons and baryons.
Based on these relations, we have given upper limits and lower limits for some mesons and baryons. The masses ofbc and ss belonging to the pseudoscalar (1 1 S 0 ), vector (1 3 S 1 ) and tensor
(1 3 P 2 ) meson multiplets are also extracted. We suggest that the J P of Ξ In Sec. II C, we showed that the linear mass GMO formula is an inequality in fact and the quadratic mass GMO formula is also an inequality with the sign opposite to the linear case. Encouragingly, the linear meson mass inequalities (26) and the linear baryon mass inequalities (30) are similar to those derived from a general illation in QCD for the ground hadron states [17, 18, 19] (The authors of Ref. [19] also point out that the linear mass inequalities (26) and (30) hold for many potentials, although the linear baryon mass inequality (30) does not hold for some special potentials). In Ref. [18] , Nussinov and Lampert showed that the linear meson mass inequality (26) satisfies the experimental data of the well-established meson multiplets (vector 1 3 S 1 , tensor 1 3 P 2 , axial-vector 1 3 P 1 and scalar 1 3 P 0 ) with different flavor combinations of i and j, and the linear baryon mass inequality (30) satisfies the experimental data of the baryon octet and the baryon decuplet.
They gave the lower limits for the masses of some unobserved mesons and baryons with the linear mass inequalities. In our work, in addition to the lower limits, we also give the upper limits for the masses of hadrons. We can see from Table 3 -1, 3-2 and 4 that these limits agree with the existing data. The mass ranges in Table 3 and 4 are narrow (smaller than 0.5 GeV) for hadrons which do not contain b-quark. These mass ranges will be useful for the discovery of the unobserved hadron states.
When b-quark is involved, the mass ranges in Tables 3 and 4 become large (could be as large as 1 to 2 GeV) and consequently, the constraints become weaker. However, since many hadrons containing b-quark have not been observed in experiments, these mass ranges may also provide helpful guidance for the discovery of these hadrons.
As far as we know, there is only one work to study the quadratic meson mass inequalities. In
Ref. [20] , with the current-algebra technique, corrections to the GMO quadratic mass formula due to second-order SU(4) breaking was discussed by Simard and Suzuki. They gave a quadratic mass inequality for pseudoscalar mesons,
and two quadratic mass inequalities for vector mesons,
The sign of the quadratic mass inequality (81) is the same as that of our quadratic mass inequality (29) , but the signs of the quadratic mass inequalities (82) and (83) are opposite to that of our quadratic mass inequality (29) . The calculations (shown in Table 3-1 and Table 3 -2) manifest that the quadratic mass inequalities (29) and (81) do satisfy the present experimental data [15] while the quadratic mass inequalities (82) and (83) do not.
We stress that quadratic baryon mass inequality (31) has not been given before. From Tables   3-1, 3 -2 and 4, we can see that the inequalities (26) , (29), (30) and (31) agree well with the existing experimental data [15] . These inequalities (26) , (29), (30) and (31) indicate the existence of higherorder breaking effects.
For the Regge slopes of (Table 2) show that δ ns < δ sc < δ nc < δ cb < δ sb < δ nb . For the light mesons and baryons, δ ns is close to zero. Letting δ → 0, one can get the usual Gell-Mann-Okubo quadratic relations, namely the first order of Gell-Mann-Okubo relations. For the heavy mesons or baryons, δ Qq are large. In this case, the quadratic mass inequalities are far from equalities. These features imply that the higher-order breaking effects arise with the quark mass increase.
To the second order, for baryons, as shown by Okubo long ago [34] , both the well known mass relation for the baryon octet (Eq. (70) 
This second-order linear mass equation was given by Morpurgo in the relativistic field theory [35] and by Lebed in the chiral perturbation theory [36] and was also given in Refs. [26, 27, 28, 29, 30, 31] mentioned above. 
namely,
In the light quark sector, when i = n, j = s, for the 
The quadratic equation (87) was also given by Tait in the study of the unification SO(6, 1) as a spectrum generating algebra [32] . Theoretically, we also have some reasons besides the Regge theory to believe that mass formulas for mesons and baryons should take the quadratic form rather than the linear form: 1) The square of the mass operator (M 2 ) is the Casimir invariant of the Poincare group independent of any certain frame [106] ; 2) Formulas given by asymptotic chiral symmetry are indeed in quadratic form [107] ; 3)
In the infinite-momentum frame, formulas between energy eigenvalues of hadrons spontaneously lead to quadratic mass formulas [108] ; 4) Analysis on the algebraic approach indeed leads to quadratic mass formulas [32, 109] . It was pointed out that the quadratic mass formula can be approximately written as the relevant linear mass formula when the mass splittings between the hadrons of the formula are small compared with the hadron masses [106, 108] .
To sum up, we conclude that quasilinear Regge trajectory and the additivity of intercepts and inverse slopes are indeed suitable to describe meson spectra and baryon spectra at present. The mass relations and the predictions may be useful for the discovery of the unobserved meson and baryon states and the J P assignment of the meson and baryon states which will be observed in the future.
